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(54) Flexible package having very thin semiconductor chip, module and miiltl chip module (MGM) 
assembled by the package, and method for manufacturing the same 



(57) There is provided a flexible package which 
comprises a flexible substrate on a principal surface of 
which a plurality of metal wirings are formed, a flexible 
semiconductor chip attached over the flexible substrate 
and having a plurality of bonding pads thereon, joint 
metals for connecting electrically the plurality of bonding 
pads and the plurality of metal wirings respectively, and 
a sealing member sandwiched between the flexible sub- 
strate and the flexible semiconductor chip. The flexible 
semiconductor chip in which thickness of the semicon- 
ductor chip is reduced smaller than the normally-used 
thickness to lower the rigidity is mounted. Also, the rigid- 
ity of the overall package is made smaller by reducing 
thicknesses of respective constituent parts of the pack- 
age such as the flexible substrate, etc. Therefore, gen- 



eration of the package crack due to displacement can 
be avoided. In addition, since the sealing member is 
sandwiched between the flexible substrate and the flex- 
ible semiconductor chip, the warpage of the package 
can be suppressed extremely small. Therefore, flatness 
of the flexible package as a single product can be 
assured sufficiently. Further, if a packaging substrate on 
a principal surface of which a plurality of packaging wir- 
ings are formed is prepared and then the plurality of 
packaging wirings are connected electrically to the plu- 
rality of metal wirings respectively, the module with high 
packaging reliability can be constructed. Moreover, if a 
plurality of flexible packages are laminated, a MCM hav- 
ing a small total thickness can be constructed. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of- the Invention 

[0001] ;The present invention relates to a package 
for a semiconductor integrated circuit such as large 
scale integration (LSI), very large scale integration 
(VLSI), ultra large scale integration (ULSI) or gigascale 
integration (GSI), etc., a module in which the package is 
attached on a packaging substrate, a multi chip module 
(MCM) in which a plurality of semiconductor chips are 
mounted on the packaging substrate, and a method for 
manufabturing the module. 

2. Description of the Related Art 

[0002] Fig. 1 is a perspective view showing an 
example of a ball grid array (BGA) structure, partially 
cut away, of a semiconductor package being employed 
currently In this BGA, a silicon chip 102 which has a 
thickness of 300 urn to 450 or more is mounted on a 
substrate 101 acting as "an interposer". Bonding pads 
disposed on perimeter of the silicon chip. 102 are con- 
nected to another bonding pads disposed on a surface 
of the substrate 101 by bonding wires 103. Also, the 
bonding pads formed on the surface of the substrate 
101 are connected electrically to solder balls 104 which 
are provided on a back surface side of the substrate 
101, via through holes formed in the substrate 101. 
Then, a package is formed to have such a shape that 
^he silicon chip 102 is covered with mold resin 105. 
Then, a module is constructed by connecting the silicon 
chip 102 to a packaging substrate via the solder balls 
104. However, a thickness of the semiconductor pack- 
age shown in Fig. 1 is considerably thick, such that the 
minimum thickness is about 1.2 mm. Therefore, the 
request for reducing the package thickness so as to 
reduce the geometrical size, weight, etc. of the mobile 
device, etc. in recent years has not been achieved. 
[0003] Therefore, in order to reduce the thickness of 
the semiconductor package much more, it was thought 
of reducing respective thicknesses of constituent mate- 
rials of the package. However, there has been such a 
problem that, if the thicknesses of constituent materials 
were reduced simply, the warpage of the package 
should be increased, and thus desired flatness cannot 
be assured as a single product. For example, in the 
case of the package of 0.1 2 mm thickness, if the constit- 
uent material, e.g., molding resin is used with the inher- 
ent physical property - Young's modulus of molding 
resin is about 12 to 25 Gpa -- the large warp age occurs 
such as about 1 .5 mm relative to a length of 20 mm. In 
addition, because the rigidity of the constituent material 
per se is high, the resin crack occurs even by the small 
displacement and thus the reliability cannot be assured 
as the product. 
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[0004] In view of these respects, in the prior art, 
there were existing problems such that the required 
semiconductor package cannot be achieved, merely by 
. reducing extremely the package thickness. 

5 

SUMMARY OF THE INVENTION 

[0005] The present invention has been made to 
overcome the existing problems as described above. 
10 Then it is an object of the present invention to provide a 
flexible package with lower rigidity, and also to assure 
flatness of the flexible package, by reducing the warp- 
age of the flexible package, as a single product. 
[0006] It is another object of the present invention to 
is provide a flexible module that can reduce its overall 
thickness and have high packaging reliability, the mod- 
ule employing the flexible package. 
[0007] It is still another object of the present inven- 
tion to provide a flexible module which can be attached 
20 on a curved surface such as the side wall of a pipe, a 
motor, a pen etc. and also can have the lower rigidity 
and the high packaging reliability. 
[0008] It is a yet still another object of the present 
invention to provide a MCM which can be assembled by 
25 laminating a plurality of semiconductor chips along the 
thickness direction and also can have the small overall 
thickness and the high packaging reliability. 
[0009] It is a further object of the present invention 
to provide a method for manufacturing the module, 
30 which can assemble above-mentioned package easily 
and simply on a packaging substrate. 
[0010] In order to achieve the above objects, a first 
feature of the present invention inheres in a flexible 
package, which has a low rigidity substrate (referred to 
35 as a "flexible substrate" hereinafter) and a low rigidity 
semiconductor chip (referred to as a "flexible semicon- 
, ductor chip" hereinafter) mounted over the flexible sub- 
strate. On a principal surface of the flexible substrate, 
plurality of metal wirings are disposed. On a surface of 
40 flexible semiconductor chip, a plurality of bonding pads 
are disposed. The flexible package of the first feature 
further has joint metals for connecting electrically the 
plurality of bonding pads and the plurality of metal wir- 
ings respectively and a sealing member sandwiched 
45 between the flexible substrate and the flexible semicon- 
ductor chip. 

[0011] According to the first feature of the present 
invention, the thickness of the semiconductor chip is 
reduced smaller than the normally-used thickness so as 

so to reduce the rigidity of the chip. As the semiconductor 
chip, an element semiconductor such as silicon (Si), 
germanium (Ge), etc. or a compound semiconductor 
chip such as gallium arsenide (GaAs), gallium phos- 
phide (GaP), indium phosphide (InP), silicon carbide 

55 (SiC), etc. may be employed. Further, the rigidity of the 
overall package can be reduced by reducing thick- 
nesses of respective constituent parts of the package 
such as the flexible substrate, etc. Therefore, genera- 
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tion of the package crack due to displacement can be 
avoided. In addition, since the sealing member is sand- 
wiched between the flexible substrate and the flexible 
semiconductor chip, the warpage of the package can be 
suppressed extremely small. Hence, flatness of the flex- 5 
ible package as a single product can be assured suffi- 
ciently. In particular, if the sealing member is composed 
of material having a low linear coefficient, of thermal 
expansion (CTE), desired and normal flatness can be 
attained with the low rigidity structure. On the other 10 
hand, the flexible package can be attached onto the 
curved surface, employing the nature of the very low 
rigidity. And, such package is applicable to the IC card, 
etc. by utilizing the technical advantage that the pack- 
age has a small thickness and has low rigidity. 15 

[0012] A. second feature of the present invention 
: inheres in a flexible module having a "packaging sub- 
strate, a flexible substrate disposed on the packaging 
substrate and a flexible semiconductor chip attached 
over the flexible substrate. On the principal surface of 20 
the packaging substrate, a plurality of packaging wirings 
are formed. The flexible substrate has a plurality of 
metal wirings connected electrically to the plurality of 
packaging wirings respectively, on a principal surface of 
the flexible substrate. The flexible module further has 25 
joint metals for connecting electrically the plurality of 
bonding pads and the plurality of metal wirings respec- 
tively. And a sealing member is sandwiched between 
the flexible substrate and the flexible semiconductor 
chip. '30 
[001 3] According to the second feature of the 
present invention, the flexible semiconductor chip which 
is formed thinner than the normally-used thickness so 
as to obtain the lower the rigidity. Further, since the 
thicknesses of respective constitute parts such as the 35 
flexible substrate, etc. are thinned, the rigidity of the 
overall module can be reduced. Therefore, even if 
stress is generated due to difference between the CTEs 
with the temperature history required for thermal proc- 
ess in the assembling stage, or due to the variation of 40 
the environment temperature in the usage stage, such 
stress can be relaxed. For example, since the linear 
CTEs of the packaging substrate and the semiconduc- 
tor chip are largely different mutually, the packaging 
substrate is relatively expanded rather than the semi- 45 
conductor chip at higher temperature. And, the packag- 
ing substrate is relatively contracted rather than the 
semiconductor chip at. lower temperature. However, in 
the module according to the second feature of the 
present invention, since the thickness of the semicon- so 
ductor chip is small, margin of the displacement in the 
vertical direction of the surface of the semiconductor 
chip is large. More particularly, since the semiconductor 
chip can displace freely in the vertical direction of the 
surface, the stress can be relaxed. Therefore, destruc- 55 
tion of the inner structure caused by the temperature 
change is suppressed and thus the packaging reliability 
can be improved. As a result, the reliability as the prod- 
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uct of the module can be assured. Also, since the seal- 
ing member is sandwiched between the flexible 
substrate and the flexible semiconductor chip, the warp 
age of the module can be reduced very small and thus 
the flatness as the. single product can be maintained 
sufficiently. 

[0014] Since the module according to the second 
feature of the present invention has the low rigidity 
structure, a mode in which the packaging substrate is so 
configured such that it has a curved surface can be 
achieved. Therefore, curved surface such as a pipe, etc. 
can be employed as an object to be attached. In addi- 
tion, the module may be applied to the IC card, etc. by 
utilizing such merit that the module is formed thin and 
flexible. 

[0015] A third feature of the present invention 
inheres in a MCM t which is at least constructed of a 
packaging substrate, first and second flexible packages. 
Each of the first and second flexible packages has a 
substantially same structure as already stated in the 
first feature of the present invention! On a principal sur- 
face of the packaging substrate, a plurality of packaging 
wirings are formed. The first flexible package has a first 
flexible substrate, a first flexible semiconductor chip 
attached over the principal surface of the first flexible 
substrate, and first joint metals connecting electrically 
the first flexible semiconductor chip and the first flexible 
substrate. The first flexible package further has a first 
sealing member sandwiched between the first flexible 
substrate and the first flexible semiconductor chip. On a 
principal surface of the first flexible substrate, a plurality 
of first metal wirings are disposed. And the first metal 
wirings are connected electrically to the plurality of 
packaging wirings respectively. The first flexible semi- 
conductor chip has a plurality of first bonding pads on a 
surface of the first flexible semiconductor chip. The first 
joint metals connect electrically the plurality of first 
bonding pads and the plurality of first metal wirings 
respectively. 

[0016] And the second flexible package further has 
a second flexible substrate, a second flexible semicon- 
ductor chip attached over the principal surface of the 
second flexible substrate, and second joint metals for 
connecting electrically the second flexible semiconduc- 
tor chip and the second flexible substrate. The second 
flexible package further has a second sealing member 
sandwiched between the second flexible substrate and 
the second flexible semiconductor chip. On a principal 
surface of the second flexible substrate, a plurality of 
second metal wirings are disposed. The second metal 
wirings are connected electrically to the plurality of first 
metal wirings respectively. On a surface of the second 
flexible semiconductor chip, a plurality of second bond- . 
ing pads are disposed. The second joint metals con- 
nects electrically the plurality of second bonding pads 
and the plurality of second metal wirings respectively. 
[0017] According to the third feature of the present 
invention, a thickness necessary for a sheet of the sem- 
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iconductor chip is reduced extremely so as to form the 
flexible semiconductor chip. And the respective constit- 
uent parts of the package such as the flexible substrate, 
etc. are also made thin. Therefore, by the stacked struc- 
ture according to the third feature of the present inven- s 
tion, which is constructed by laminating a plurality of 
sheets of flexible semiconductor chips, the overall thick- 
ness of trie MCM can be significantly reduced. Also, 
since the rigidity of respective semiconductor chips are 
made smaller, cracking, crazing, or damages, which w 
might be caused by displacements due to differences in 
linear CTEs of the constituent parts, can be suppressed 
or avoided. As a result, the high packaging reliability as 
the product can be maintained. 

[0018] , A fourth feature of the present invention is 
inheres in a method for manufacturing a module, which 
includes the steps of (a) reducing a thickness of a sem- 
iconductor chip into 10 \im to 150 ^m; (b) delineating a 
plurality of packaging wirings on a principal surface of a 
packaging substrate; (c) delineating a plurality of metal 20 
wirings on a principal surface of a flexible substrate; (p*) 
mounting the semiconductor chip over the principal sur- 
face of the flexible substrate; and (e) aligning the plural- 
ity of packaging wirings and the plurality of metal 
wirings, and then connecting electrically them mutually. 25 
[001 9] According to the fourth feature of the present 
invention, the module which has a small total thickness 
and has low rigidity and high packaging reliability can be 
manufactured easily, simply and at low cost so as to 
provide a high manufacturing yield. 30 
[0020] Other and further objects and features of the 
present invention will become obvious upon an under- 
standing of the illustrative embodiments about to be 
^described in connection with the accompanying draw- 
ings or will be indicated in the appended claims, and 35 
various advantages not referred to herein will occur to 
one skilled in the art upon employing of the invention in 
practice. 

BRIEF DESCRIPTION OF DRAWINGS 40 
[0021] 

Fig. 1 is a perspective view showing an example of 
a structure, partially cut away, of a semiconductor 45 
package which is currently employed; 
Fig.2A is a sectional view showing a view of a flexi- 
ble package according to a first embodiment of the 
present invention; 

Fig.2B is a sectional view showing a schematic so 
structure of a module according to the first embodi- 
ment of the present invention; 
Fig.3A is a graph showing relationships between 
thicknesses of silicon chips and amounts of deflec- 
tion; 55 
Fig.3B is a graph showing relationships between 
the thicknesses of the silicon chips and radii of cur- 
vature; 
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Fig.4A is a view showing grinding traces formed on 
a back surface of the silicon chip; 
Fig.4B is a view showing a sample having a grind- 
ing trace angle of 0^1 0° ; 

Fig.4C is a view showing a sample having a grind- 
ing trace angle of e^80° ; 

Fig. 5 A is a sectional view showing a schematic 
structure of a module according to a variation of the 
first embodiment of the present invention; 
Figs.5B and 5C are sectional views showing the 
deflection of the module according to the variation 
of the first embodiment, caused by the temperature 
change; 

Fig.6A is a sectional view showing a schematic 
structure of a module using a thick silicon chip as a 
comparative example; 

Figs.6B and 6C are sectional views showing the 
deflection of the module shown in Fig.6A, caused 
by the temperature change; 
Fig.7 is a graph showing a relationship between 
thicknesses of the silicon chips and TCT reliabili- 
ties; 

Figs.8A to 8H are sectional views showing steps of 
a method for manufacturing the module according 
to the first embodiment of the present invention; 
Figs.9A to 9D are sectional view showing steps of a 
"inter-leads joint method" of the flexible package, as 
a variation of the first embodiment of the present 
invention; 

Fig.10 is a sectional view showing a stacked struc- 
ture of a MCM, according to a second embodiment 
of the present invention; 

Fig.1 1 A is a sectional view showing structures of a 
flexible package and a module employing this pack- 
age, according to a third embodiment of the present 
invention; 

Fig.11B is a sectional view showing a cut-off step 
applied to the flexible package, according to the 
third embodiment of the present invention; 
Fig. 12 is a sectional view showing a structure of the 
MCM, according to the third embodiment of the 
present invention; 

Fig. 13 is a sectional view showing structures of a 
flexible package and a module employing this pack- 
age, according to a fourth embodiment of the 
present invention; 

Rg.14A is a sectional view showing a structure of a 
flexible package according to other embodiment of 
the present invention; and 

Fig.1 4B is a sectional view showing a structure of a 
flexible package according to still other embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] Various embodiments of the present inven- 
tion will be described with reference to the accompany- 
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ing drawings. It is to be noted that the same or similar 
reference numerals are applied to the same or similar 
parts and elements throughout the drawings, and the 
description of the same or similar parts and elements 
will be omitted or simplified. Generally and as it is con- 
ventional in the representation of semiconductor 
devices and packages, it will be appreciated that the 
various^, drawings are not drawn to scale from one figure 
to another nor inside a given figure, and in particular 
that the layer thicknesses are arbitrarily drawn for facili- w 
fating the reading of the drawings. In the following 
description, numerous specific details are set fourth 
such as specific thickness values, etc. to provide a 
through, understanding of the present invention. How- 
ever, it will be obvious to those skilled in trie art that the 75 
present invention may be practiced without such spe- 
cif ic details. 

(FIRST EMBODIMENT) 

20 

[0023] As shown in Fig.2A, a flexible package 
according to a first embodiment of the present invention 
has a flexible substrate 11 on a principal surface of 
which a plurality of metal wirings 12a,..., 12j... are 
formed; a flexible semiconductor chip 14 attached over 25 
the f lexible substrate 1 1 and having a plurality of bond- 
ing pads 91a 91j,...; joint metals 15a,..., 15j,... for 

connecting electrically a plurality of pads and a plurality 
of metal wirings respectively; and a sealing member 16 
filled between the flexible substrate 1 1 and the flexible 30 
semiconductor chip 14. 

[0024] The metal wirings are formed on the flexible 
substrate 1 1 as a plurality of radially-extending alumi- 
* num (Al) wirings 12a,..., 12},.. Each thickness of the Al 
wirings 12a,..., 12j,.. is 9 ^m, for example. It is prefera- 35 
ble that the flexible substrate 1 1 should be formed of an 
organic substrate. In the first embodiment of the present 
invention, polyethylene terephthalate (PET) material is 
employed as the flexible substrate 11. The modulus of 
elasticity, or Young's modulus of PET is 0.25 Gpa. It is 40 
preferable that a thickness of the flexible substrate (PET 
substrate) 11 should be set to 10 to 50 \xtx\. In Fig.2A, 
the thickness is set to 38 um, for example. The lower 
rigidity is intended by reducing the thickness of the flex- 
ible substrate (PET substrate) 11 . Also, a silicon chip 1 4 45 
is employed as the flexible semiconductor chip 14, and 
disposed in a face down orientation over the flexible 
substrate (PET substrate) 1. A thickness of the silicon 
chip 14 is selected as thin as possible such as 10 ^m to 
150 fim, e.g., 50 ^im (its manufacturing method will be so 
described later) so as to obtain the low rigidity. Then, a 
bump 15a as "the joint metal'*, using a high conductive 
material such as gold (Au) is arranged on the Al wiring 
1 2a which is formed on the principal surface of the flex- 
ible substrate (PET substrate) 11 a gold (Au) bump 55 

15j is arranged on the Al wiring 12j.... Bonding pads 
91a,. ...91j,... formed of metal thin films such as alumi- 
num (Al) films, or aluminum alloy (Al-Si, Al-Cu-Si) films 
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etc. are regularly arranged on perimeter of a surface of 
the silicon chip 14. The locations of the bonding pads 

91a 91j,... correspond to the positions of the gold 

(Au) bumps 15a,..., 15j Then, the Al wiring 12a and 

the corresponding bonding pad 91a on the silicon chip 
.14 are joined to each other via the gold (Au) bump 
15a,..., the Al wiring 12j and the corresponding bonding 
pad 91 j on the silicon chip 14 are joined to each other 
via the gold (Au) bump 15] whereby a flip-chip struc- 
ture can be constructed. Each thickness of the gold (Au) 

bumps 15a 15j,... is 20 um, for example. Then, in 

order to protect the surface of the silicon chip 14 con- 
taining these bump-joint portions, such surface of the 
silicon chip 14 is sealed with an underfill 16 formed of 
material which has a linear CTE a =0.01 to 30 ppm/°C. 
More particularly, for example, the underfill 16 formed of 
an "anisotropic conductive resin" which has a linear 
CTE a=0.1 to 15 ppmAC, etc. is employed as. the seal- 
ing member. The "anisotropic conductive film (ACF)" is 
a polymer film dispersed with metallic particles so that 
sufficient metallic particles are present to only allow 
conduction perpendicular to the plane of the substrate 
surface. In other word, the polymer film only conducts 
current in a direction perpendicular to the plane of the 
substrate surface. Commonly used metallic particles in 
the ACF include gold (Au), silver (Ag), and nickel (Ni). 
[0025] Fig.2B is a sectional view showing a struc- 
ture of the module according to the first embodiment of 
the present invention, in which the flexible package 
shown in Fig.2A is mounted on the packaging substrate. 
By deforming the flexible substrate (PET substrate) 
1 1 A, a cavity 1 3 into which the silicon chip 1 4 is installed 
is formed in a centra! portion of the flexible substrate 
(PET substrate) 11. A plurality of radially-extending 
packaging wirings 22a,. ... 22j.... each has a thickness of 
18 um to 22 inm, are arranged on a principal surface of 
a packaging substrate 21 such as a printed wiring board 
(PWB), a flexible printed circuit board (FPC), etc. then, 
the Al wiring 12a on the principal surface of the flexible 
substrate (PET substrate) 1 1 and the packaging wiring 
22a on the packaging substrate 21 are joined to each 
other via conductive adhesive layer 23,..., the Al wiring 
12j and the packaging wiring 22j are joined to each 
other via the conductive adhesive layer 23,..., whereby 
the module according to the first embodiment of the 
present invention can be constructed. 
[0026] In the module according to the first embodi- 
ment of the present invention having such structure, as 
shown in Fig.2B, a thickness from the uppermost end of 
the flexible substrate (PET substrate) 1 1 to the top sur- 
face of the packaging wirings 22 becomes about 120 
^m, for example. Thus, the module having the thinness 
and the packaging reliability, both are not provided by 
the currently employed package, can be achieved. 

[0027] Then, since the Al wirings 12a 12j,... on 

the flexible substrate (PET substrate) 1 1 and the flexible 
silicon chip 14 formed as the extremely thin film are con- 
nected by the flip chip technology via the Au bumps 



5 



EP 1 028 463 A1 



10 



15a,..., 12j,..., it is possible to reduce extremely the 
warpage of the package. The resin 16 may be sand- 
wiched between the silicon chip 14 and the flexible sub- 
strate (PET substrate) 11. Also, the resin such as a. 
solder resist film 96, etc. may be sandwiched between 5 
the silicon chip 14 and the principal surface of the pack- 
aging substrate 21. More particularly, as described 
above, the large warpage such as about 1 .5 mm 
occurred relative to the length of 20 mm in the module 
shown in Fig.1, whereas the warpage can be sup- w 
pressed into about 0.15 mm relative to the length of 17 
mm in the module according to the first embodiment of 
the present invention. 

[0028] The normal thickness of the commercially 
available wafer, although depending upon the wafer 15 
diameters, is about 450 jim to 1 mm. For example, the 6 
inch wafer has the thickness of about 600 urn to 650 
nm. The thickness of the wafer is increased according 
to the increase of the wafer diameter. It is preferable that 
the thickness of the silicon chip 1 4, which is employed in 20 
the module according to the first embodiment, should 
be reduced as thin as possible rather than the normal 
thickness of the commercially available wafer. An 
amount of deflection of the silicon chip 14 until the sili- 
con chip 1 4 is fractured can be increased by the first 25 
embodiment, which employs extremely reduced thick- 
ness of the silicon chip 14. In other words, the minimum 
radius of curvature caused by the deflection of the sili- 
con chip 14, at which the silicon chip 14 is broken, can 
be reduced by the art with extremely reduced thickness 30 
of the silicon chip 14 so as to make the silicon chip 14 
flexible. Experimental results indicating such effect are 
shown in Figs.3A and 3B. 

[0029] Fig.3A is a graph showing a relationship 
between the thickness of the silicon chip and an amount 35 
of the deflection when the break-down test is performed 

by using samples 30, 30, 30 formed of the strip-like 

silicon chips, as shown in Figs.4B and 4C. Each of the 
samples 30, 30, 30 has a width of 5 mm and a pre- 
determined length. In this break-down test, a measuring 40 
jig having edges acting as two fulcrums is prepared. A 
distance between two fulcrums is set to be 5 mm. The 
longitudinal direction of the strip-like silicon chip 30 is 
selected and arranged to extend over the two edges 
acting as the fulcrums, and then the deflections are 45 
measured by applying the breaking pressures to center 
portions between two fulcrums. 

[0030] . When the thickness of the silicon wafer 31 is 
made thin by grinding, radial circular-arc-like traces, or 
the "grinding traces" 39 are formed on an overall back so 
surface of the silicon wafer 31, as shown in Fig.4A. 
Such grinding is performed after the silicon wafer 31 is 
stuck to a surface protection tape 36 to be secured 
thereto, as shown in Fig.4A. The silicon wafer 31 is 
stuck onto the surface protection tape 36 to be secured 55 
after the surface protection tape 36 is adhered to a flat 
ring 35 and then wrinkles, etc. of the surface protection 
tape 36 are removed. 



[0031 ] In the limited area of the strip-like silicon chip 
as the test sample having a width of 5 mm, as shown in 
Figs.4B and 4C, the grinding traces 39, more precisely, 
tangents of respective grinding traces 39 can be 
approximated as a pattern consisting of a plurality of 
substantially parallel lines. Therefore, in the present 
invention, an angle of the tangents of the parallel grind- 
ing traces 39 in the neighborhood of a long side of the 
sample relative to the long side of the sample is defined 
as an. "grinding trace angle ". A curve "P1" in Fig: 3A 
indicates the result of the sample formed of the silicon 
chip having the grinding trace angle of 0^10° , as shown 
in Fig.4B. Also, a curve P1 in Fig.3A indicates the result 
of the sample formed of the silicon chip having the 
grinding trace angle of 0^80° , as shown in Fig.4C. It 
can be understood that the sample, which is cut out 
along the direction to give the grinding trace angle of 
0^10° , as shown in Fig.4B, has the larger amount of 
deflection than the sample, which is cut out along the 
direction to give the grinding trace angle of 6^80° , as 
shown in Fig.4C, and thus is strong in the breaking 
strength. Therefore, in the first embodiment, it is prefer- 
able that the silicon chip which is cut out along the direc- 
tion to give the grinding trace angle of 9^10° should be 
employed as the flexible semiconductor chip 14. 

[0032] In other words, the long sides of the test 
sample indicating the curve "P1" and the test sample 
indicating the curve "P2" in Rg.3A are set to intersect 
substantially orthogonally with each other. As apparent 
from Fig. 3A, the amounts of the deflection to come up to 
the break-down point become larger and larger as the 
wafer thickness becomes thinner and thinner. 
[0033] Fig.3B is a graph showing relationships 
between the thicknesses of the silicon chips and the 
radii of curvature. Like the Fig.3A, the measured result 
of the silicon chips, each having a width of 5 mm is 
shown. A curve "W1 " in Fig.3B indicates the result of the 
samples having the grinding trace angle of e^10° 
shown in Fig.4B, and a curve "W2" indicates the result 
of the samples having the grinding trace angle of 6^80° 
shown in Fig.4C. As apparent from Fig.3B, it can be 
seen that, as the thickness of the silicon chip is reduced 
much more, the radius of curvature of the deflection 
(warpage) of the silicon chip to reach the break-down of 
the silicon chip can be made small and thus the flexibil- 
ity can be increased. It can be seen that the sample 
"W1 n , which is cut out along the direction to give the 
grinding trace angle of 6^10° has the smaller radius of 
curvature of the deflection of the silicon chip than the 
sample "W2", which is cut out along the direction to give 
the grinding trace angle of 0^80° and thus has the 
strong break-down resistance. Also, it can be seen from 
the result shown in Fig.3B that, in the first embodiment, 
preferably the silicon chip which is cut out along the 
direction to give the grinding trace angle of 0^10° 
should be employed as the flexible semiconductor chip 
14. 

[0034] In the first embodiment, the silicon chip 14 of 
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50 jim thickness is explained as an example. However, 
if the silicon chip 1 4 has the thickness of about 1 0 jim to 
150 jim, the similar advantages can be achieved. In par- 
ticular, it is preferable that the thickness is set to about 
30 jim to 100 jim. Since it becomes difficult to handle ~s 
the silicon chip 14 if the thickness is reduced lower than 
30 jim, such thickness may not become a reasonable 
thickness in the industrial aspect. 

[0035] Fig. SA is a sectional view showing a struc- 
ture of a flexible package and a module using such 10 
package according to a variation of the first embodiment 
at room temperature. As shown in Fig.SA, the flexible 
package according to the variation of the first embodi- 
ment is constructed by a flexible substrate 1 1 , a silicon 
chip 14 mounted on the flexible substrate 11, on the 15 
principal surface of the flexible substrate 1 1 a plurality of 

radially-extending aluminum (Al) wirings 12a 12j\... 

are arranged. Then, the gold (Au) bump 15a is arranged 
on the Al wiring 12a, and the gold (Au) bump 15j is 
arranged on the Al wiring 1 2j. The bonding pads formed 20 
of a metal thin film such as an aluminum (Al) film, etc. 
are arranged on perimeter of the surface of the silicon 
chip 14. The locations of the bonding pads correspond 
to the positions of the gold (Au) bumps 15a,..., 15j,...,. 
Then, the Al wiring 12a and the corresponding bonding 25 
pad on the silicon chip 14 are joined to each other via 
the gold (Au) bump 1 5a the Al wiring 12j and the cor- 
responding bonding pad on the silicon chip 14 are 
joined to each other via the gold (Au) bump 15j,;.., 
whereby the flip-chip structure can be constructed. The 30 
thickness of the silicon chip 14 is formed smaller than 
150 jim. Then, in order to protect the surface of the sili- 
con chip 14 containing these bump-joint portions, such 
surface of the silicon chip 14 is sealed with the underfill 
16. Though holes (vias) passing through the flexible 35 
substrate 11 are provided in peripheral portions of the 
flexible substrate 11. Buried joint metals 19a,..., 19j,... 
are provided, embedding the metals into the through 
holes. The buried joint metals 19a,..., 19j,... are con- 
nected to the Al wirings 12a,..., 12j,... on the principal 40 
surface of the flexible substrate (PET substrate) 11 
: respectively. 

[0036] Meanwhile, packaging wirings 22a,..., 22d, 
22e t 22f, 22g,..:, 22j,... are arranged on the principal 
surface of the packaging substrate 21 . Then, the buried 45 
joint metals 19a,..., 19j,... which are buried in theflexible 
substrate 11 and the packaging wirings 22a,..., 22d, « 

22e, 22f, 22g 22j,... are connected to each other via 

solder balls 104a,..., 104d, 104e, 104f, 104g 104j,... 

[0037] Figs.SB and 5C are sectional views showing so 
the deflection of the same module already shown in 
FIG.SA, according to the variation of the first embodi- 
ment, the deflection is caused by the temperature 
change. Fig.SB shows schematically the deflections of 
the silicon chip 14, theflexible substrate 11, thepackag- 55 
ing substrate 21, etc. caused at a high temperature of . 
125 °C. Fig.SC shows schematically the deflections of 
the silicon chip 1 4, the flexible substrate 1 1 , the packag- 
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ing substrate 21, etc. caused at a low temperature of - 
55 °C. The packaging substrate 21 has a linear CTE a 
MB =1 5 to 18 ppm/°C which is largely different from a lin- 
ear CTE a S j=3.5 ppm/'C of silicon. However; in the 
module according to the variation of the first embodi- 
ment, since the thickness of the silicon chip 14 is small, 
margin of the displacement in the vertical direction of 
the surface of the silicon chip 14 is large. More particu- 
larly, since the silicon chip 14 can displace freely in the 
vertical direction of the surface, stress applied to the 

solder balls 104a 104d, 104e, 104f, 104g,..., 104j,... 

can be relaxed even if the packaging substrate 21 is rel- 
atively expanded (125 °C) and contracted (-55 °C) rela- 
tive to the silicon chip 14 by the temperature change. 
Accordingly, the solder balls 104a,..., 104d, 104e, 104f, 
104g,..., 104j,... are hard to be destroyed by the stress, 
ascribable to the temperature change, and thus the 
packaging reliability can be improved. 

[0038] Fig.6A is a sectional view showing a sche- 
matic structure of a comparative example against the 
module shown in FIG.5A. This comparative example is 
different from the module shown in FIG.5A in that the 
thick silicon chip having a thickness of 300 jim is 
employed, but remaining structures are common to the 
module shown in FIG.SA. Figs.6B and 6C are sectional 
views showing the deflection of the module according to 
the comparative example shown in Fig.6A, at corre- 
sponding ambient temperatures. That is, Fig.6B shows 
schematically the deflections of the silicon chip 14, the 
flexible substrate 11, the packaging substrate 21, etc. 
caused at the high temperature of 1 25 °C. Fig.6C shows 
schematically the deflections of the silicori chip 14, the 
flexible substrate 11, the packaging substrate 21, etc. 
caused at the low temperature of -55 °C. In the module 
according to this comparative example, since the thick- 
ness of the silicon chip 14 is large, the margin of the dis- 
placement in the vertical direction of the surface of the 
silicon chip 14 is small and thus is rigid. Therefore, 
unlike the cases shown in Figs.SB and 5C, since the sil- 
icon chip 1 4 can not easily displace in the vertical direc- 
tion of the surface, the large stress are generated 
between the solder balls 104a,..., 104d, 104e, 104f, 
104g,..., 104j,... and the buried joint metals 19a,..., 
19j,..., when the packaging substrate 21 is relatively 
expanded (125 °C) and contracted (-55 °C) relative to 
the silicon chip 14 by the temperature change. Further, 
the large stress are generated between the solder balls 

104a 104d, 104e, 104f, 104g 104j,... and the 

packaging wirings 22a 22d, 22e, 22f, 22g 22j,... 

when the packaging substrate 21 is set at 125 °C or -55 
°C. Also, the large stress is generated in the solder balls 

104a 104d, 104e, 104f, 104g 104j,... themselves, 

and thus the solder balls are brought into the destruc- 
tion, since the solder balls are brittle and noncompliant. 
[0039] Fig. 7 is a graph showing relationships 
between the thicknesses of the silicon chips and the 
temperature cycling test (TCT) reliabilities of the mod- 
ules. It can be seen that the TCT reliabilities of the mod- 
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ules.are increased as the thicknesses of the silicon chip 
are reduced. Also, it can be seen that a gradient indicat- 
ing a proportional relationship between the thicknesses 
of the silicon chip and the TCT reliabilities of the mod- 
ules is drastically changed at the thickness of the silicon 5 
chip of 1 50 jam. More particularly, it can be understood 
that the TCT reliabilities of the modules are not remark- 
ably changed in the range of the thicknesses of the sili- 
con chip of 1 50 \um or more even if the thicknesses of 
the silicon chips are changed, but the TCT reliabilities w 
can be remarkably improved in the range of the thick- 
nesses of the silicon chips of 1 50 urn or less if the thick- 
nesses of the silicon chips are reduced. That is, it can 
be understood that the thickness of the silicon chip of 
150 nm gives an inflection point in the relationship 15 
between the thicknesses of the silicon chips and the 
TCT reliabilities of the modules, as shown in Fig.7. Then 
we can understand that the thickness of the silicon chip 
of 150 ^m gives an important turning point of the failure 
mechanisms of the semiconductor modules. 20 
[0040] Next, a method of manufacturing the module 
according to the first embodiment will be explained 
hereunder. 

(a) First, predetermined patterns of semiconductor 25 
integrated circuits are formed on the surface of the 
silicon wafer 31 by predetermined photolithography 
step, chemical vapor deposition (CVD) step, oxida- . 
tion step, ion-implantation step, etching step, etc. 
Then, a passivation film such as a PSG film, a 30 
BPSG film, a silicon nitride film (Si 3 N 4 film), or the 
like is deposited on the whole surface of the silicon 
wafer 31. That is, patterns of the semiconductor 
integrated circuits, with a predetermined exposure 
area (or chip area), are formed periodically on the 35 
surface of the silicon wafer 31 by the step and 
repeat methodology by stepper machine. Areas 
formed between the patterns of the chip area are 
used as dicing lane respectively. Then, as shown in 
Fig.8A, the silicon wafer 31 on which the LSI pat- 40 
terns are formed is secured to a working table 33 of 
the dicing apparatus by the predetermined manner 
such that the LSI pattern-formed-surface 41 side of 
the semiconductor integrated circuits is facing 
upward. For example, the silicon wafer 31 is sucked 45 
and secured by the vacuum chuck. Then, matrix- 
like trenches 32 which are deeper than the chip 
thickness (e.g., 50 \im) of the flexible package 
according to the first embodiment by at least about 
5 )jm are formed by rotating a dicing blade 34 along so 
the dicing lane. 

(b) Then, as shown in Fig.8B, the flat ring 35 is 
stuck onto the surface protection tape 36 made of 
polyolefin having thickness of 1 10 ^im. On the poly- 
olefin film an acrylic adhesive layer having thick- 55 
ness of 50 is coated. Then, the wrinkles, etc. of 
the surface protection tape 36 are removed by the 
flat ring 35. And then, the LSI pattern forming sur- 
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face 41 of the silicon wafer 31 , at which the matrix- 
like trenches 32 are formed, is stuck onto the acrylic 
adhesive layer side of the surface protection tape 
36 to secure thereto. 

(c) Then, for example, using the infield grinding 
method grinds the back surface of the silicon wafer 
31. That is, as shown in Fig.8C, the silicon wafer 31 
which is held by the flat ring 35 and the surface pro- 
tection tape 36 is sucked and secured onto the 
working table 37 of the grinding machine. Then, the 
back surface of the silicon wafer 31 is ground while 
pushing a grindstone 38 against the back surface. 
At this time, the back surface (polished surface) of 
the silicon wafer 31 is ground by rotating the work- 
ing table 37 and the grindstone 38 respectively to 
reach the trenches 32. When the polished surface 
reaches the bottoms of the trenches 32, the silicon 
wafer 31 can be automatically divided into individ- 
ual chips. A depth of this grinding is set in view of 
the thickness (e.g., 50 urn) of the finished silicon 
chip 31. 

(d) Then, as shown in Fig.8D, the flat ring to which 
individual divided silicon chips 14 are adhered and 
secured is installed onto the die bonding apparatus. 
Then, the pressure is applied downward to the LSI 
pattern forming surface 32 by using a tool 40 such 
as a pick-up needle, etc. via the surface protection 
tape 36. At that time, the silicon chips 14 can be 
stripped from the surface protection tape 36. In this 
manner, the flexible silicon chips 14 having the 
small thickness of 50 ^m, for example, can be com- 
pleted. 

(e) Then, the thin continuous tape-like PET sub- 
strate 1 1 having the thickness of 38 urn, for exam- 
ple, is prepared as the flexible substrate. Then, on 
the flexible substrate an adhesive layer is coated. 

. Next, the Al thin film of about 9 um thickness is lam- 
inated on the overall principal surface of the contin- 
uous tape-like PET substrate 1 1 via the adhesive 
layer. Then, as shown in Fig.8E, a plurality of radi- 
ally-extending Al wirings 12a,..., 12],... are deline- 
ated on the principal surface of the continuous 
tape-like flexible substrate 1 1 , by selectively remov- 
ing the Al thin film by virtue of the selective etching 
method. Such patterning of the Al wirings 12a,..., 
12j,... may be conducted by known photolithogra- 
phy method after coating a photoresist film on the 
Al thin film. And the photoresist film is exposed with 
light passing through transparent parts of the pre- 
determined mask, developed, rinsed and dried so 
as to form etching mask. And using this etching 
mask the Al thin film is selectively etched to form 
the required patterns of the Al wirings 12a,..., 12j,... 
Or, the patterning of the Al wirings 12a,..., 12j,... 
may be obtained by using the known screen print- 
ing method. Any way, opening portions 10, from 
which the PET substrate 11 is exposed, are formed 
periodically at predetermined locations on the prin- 



15 



EP 1 028 463 A1 



16 



cipal surface of the continuous tape-like flexible 
substrate 11. The opening portions 10 are sched- 
uled for mounting the flexible silicon chips 14, and 
are configured as rectangular window portions, 
respectively. 5 

(f) Then, as shown in Fig.8F, an "anisotropic con- 
ductive resin (ACR)" (or ACF) 16 serving as the 
underfill is coated in respective chip-mounting 
opening portions 10 by the potting method, etc. The 
"anisotropic conductive film (ACF)" is a polymer dis- 10 
persed with metallic particles so that sufficient 
metallic particles are present to only allow conduc- 
tion perpendicular to the plane of the substrate sur- 
face. Commonly used metallic particles include 
gold (Au), silver (Ag), and nickel (Ni). 15 

(g) In turn, as shown in Fig.8G, the Al wirings 
12a,,.., 12j,... on the PET substrate 11 side are 
aligned with the Au bumps 15a 15j,... on the sili- 
con chips 14 side. Bonding pads 

91a 91j,... formed on the silicon chips 14 mate 20 

with the Au bumpis 15a 15j,... And then, the sili- 
con chips 14 are mounted on the PET substrate 1 1 . 
Then, the silicon chips 14 are secured onto the PET 
substrate 11 by melting the connecting resin by 
heating it to about 120 °C and then curing the con- 25 
necting resin. At this stage, the plurality of silicon 
chips 14 are mounted in the opening portions 10 
which are arranged periodically on the continuous 
tape-like PET substrate 1 1 respectively, and thus a 
plurality of packages are formed successively. 30 
Then, as shown in Fig.8H, individual flexible pack- 
ages are cut down accordingly. In Fig.8H, a pattern 
consisting of sixteen radially-extending Al wirings 
12a, 12b, 12c,..., 12j,..., 12o, 12p delineated on one 

of the flexible packages is shown. 35 

(h) Meanwhile, the packaging substrate 21 is pre- 
pared separately, and then a plurality of radially- 
extending packaging wirings 22a,..., 22j,... are 
delineated on the principal surface of the packaging 
substrate 21 by the selective etching method, the 40 
screen printing method, or the like. Then, the con- 
ductive adhesive layer 23 such as silver-filled epoxy 

is coated on the packaging wirings 22a,..., 22j,... 
For another example, the ACF, or the ACP, etc. may 
be employed as the conductive adhesive layer 23. 45 
Then, the Al wirings 12a 12j,... of the PET sub- 
strate 1 1 are aligned, and mated with the packaging 

wirings 22a 22j,..., and then the flexible package 

is mounted on the packaging substrate 21. In this 
state, the PET substrate 11 is secured onto the so 
packaging substrate 21 by melting the conductive . 
adhesive layer 23, by heating it up to a predeter- 
mined temperature, and then curing the conductive 
adhesive layer 23. Accordingly, the thin module 
shown in Fig.2B according to the first embodiment 55 
can be completed. 

[0041] Also, packaging of the flexible package 



according to the first embodiment onto the packaging 
substrate 21 can be implemented according to other 
methods. For instance, the "inter-leads joint method" 
may be employed in place of the method using the 
above conductive adhesive layer 23. 

(i) That is, as shown in Fig.9A, first adhesive layer 
50a is selectively coated on parts in which the PET 
substrate 11 is exposed between the Al wirings 
12d, 12e, 12f on the PET substrate 1 1 side. 

(ii) Similarly, as shown in Fig.9B, second adhesive 
layer 50b is selectively coated on parts in which the 
packaging substrate 21 is exposed between the 
packaging wirings 22d, 22e, 22f on the packaging 
substrate 21 side. The same type adhesive layer as 
the first adhesive layer 50a may be employed as the 
second adhesive layer 50b. 

(iii) Then, as shown in Fig.9C, the Al wirings 12d, 
12e, 12f on the PET substrate 11 side are aligned 
and mated with the packaging wirings 22d, 22e, 22f 
on the packaging substrate 21 side. Then, the pres- 
sure is applied to both wirings such that the Al wir- 
ings 12d, 12e, 12f and the packaging wirings 22d, 
22e, 22f are connected mutually. As a result, 
because the first adhesive layer 50a on the PET 
substrate 11 side and the second adhesive layer 
50b on the packaging substrate 21 side are 
adhered with each other, the Al wirings 1 2d, 12e, 
12f and the packaging wirings 22d, 22e, 22f are 
brought into their strong metal-metal contact state 
respectively. Meanwhile, the PET substrate 11 
between the Al wirings 12d, 12e, 12f and the pack- 
aging substrate 21 between the packaging wirings 
22d, 22e f 22f can be strongly adhered with the 
adhesive layer 50. Where the adhesive layer 50 is 
formed by merging the first adhesive layer 50a and 
the second adhesive layer 50b together so as to 
form one body. 

[0042] In the inter-leads joint method, the first adhe- 
sive layer 50a and the second adhesive layer 50b are 
hot always formed of conductive adhesive, and various 
adhesive materials each having a strong adhesive 
strength may be selected. In addition, if a low tempera- 
ture thermosetting adhesive is employed, low tempera- 
ture assembling of the flexible package onto the 
packaging substrate 21 can be accomplished at room 
temperature. 

[0043] In summary, following advantages can be 
achieved in the first embodiment. 

(1) Since the rigidity of the silicon chip is lowered by 
reducing extremely the thickness of the silicon chip 
14 and at the same time respective constituent 
materials such as the interposer 1 1, etc. are formed 
flexibly by reducing their thicknesses, the low rigid- 
ity of the overall package can be achieved. As a 
result, generation of cracking, crazing due to dis- 
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placement can be avoided, and thus the reliability 
as the product can be assured. 

(2) The sealing member 16 such as ACF, ACR hav- 
ing the low CTE a, is sandwiched between the 
interposer 11 and the silicon chip 14. Accordingly, 
the warpage of the module generated due to tem- 
perature history in assembling the module can be 
reduced very small and therefore the flatness as 
the single product of the module can be sufficiently 
ensured. 

(SECOND EMBODIMENT) 

[0044] A second embodiment of the present inven- 
tion shows a MCM having a stacked structure in which 
the flexible packages are laminated by two layers. In 
other words, as shown in Fig.10, the first and second 
flexible packages, having structure explained in the first 
embodiment shown in Fig.2B, are laminated in a face up 
orientation along the vertical direction on the packaging 
substrate 21 . On the principal surface of the packaging 
substrate 21, a plurality of packaging wirings 22a,..., 
22j,... are formed. The packaging substrate 21 is formed 
of PWB, FPC, or the like, for example. Each of the plu- 
rality of radially-extending packaging wirings 22a 

22j,^. has a thickness of 18 um to 22 um. 
[0045] The first flexible package has a first flexible 
substrate 1 1 2, a first flexible semiconductor chip 1 42 
attached over a principal surface of the first flexible sub- 
strate 11 2, first joint metals 152a... 152j,... for connect- 
ing electrically the first flexible semiconductor chip 142 
and the first flexible substrate 112 respectively, and a 
^first sealing member 1 62 sandwiched between the first 
flexible substrate 112 and the first flexible semiconduc- 
tor chip 142. This first flexible substrate 1 12 is formed of 
PET material. Then, the first flexible substrate 112 has 
a plurality of radially-extending aluminum (Al) wirings 
122a,..., 122j ( ... on its principal surface as the first metal 
wirings. The first flexible semiconductor chip, or the sili- 
con chip 142 has a plurality of first bonding pads 
92a,...,92j,...on the peripheral portion of the chip sur- 
face. The gold (Au) bumps 152a,..., 152j,... serving as 
the first joint metals connect electrically a plurality of first 
metal wirings 122a,..., 122j,... and a plurality of first 
bonding pads 92a,...,92j,... formed on the first flexible 
semiconductor chip 142 respectively. That is, the first 
gold (Au) bump 152a is arranged on the first Al wiring 
122a,..., the first gold (Au) bump 152j is arranged on the 
first Al wiring 122j f ... The first Al wiring 122a and the 
corresponding bonding pad 92a on the first silicon chip 
142 are connected via the first gold (Au) bump 152a,..., 
the first Al wiring 122j and the corresponding bonding 
pad 92j on the first silicon chip 142 are connected via 
the first gold (Au) bump 152j,..., whereby the first flip- 
chip structure can be constructed. Then, in order to pro- 
tect a surface of the first silicon chip 142 containing 
these bump-joint portions, a surface of the first silicon 
chip 142 is sealed with a first sealing member (underfill) 
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162. 

[0046] Similarly, the second flexible package has a 
second flexible substrate (PET substrate) 1 1 1 , a second 
flexible semiconductor chip 141 attached over a princi- 

s pal surface of the second flexible substrate 111, second 
joint metals 151a,..., 151 j t ... for connecting electrically 
the second flexible semiconductor chip 141 and the sec- 
ond flexible substrate 111, and a second sealing mem- 
ber 161 sandwiched between the second flexible 

10 substrate 111 and the second flexible semiconductor 
chip 1 41 . This second flexible substrate 111 is formed of 
PET material. A plurality of second metal wirings 
121a,..., 121j,... are formed on a principal surface of the 
second flexible substrate 111. The plurality of second 

is metal wirings 121a,..., 121j,... are connected electrically 
to the plurality of first metal wirings 122a,..., 122j,... of 
the first flexible package respectively. The second flexi- 
ble semiconductor chip, or the silicon chip 141 has a 
plurality of second bonding pads 91a,...,91j,... on the 

20 surface. The gold (Au) bumps 151a,..., 151j,... serving 
as the second joint metals connect electrically a plurality 
of second bonding pads 91a,...,91j,... formed on the 
second flexible semiconductor chip 141 and a plurality 
of second metal wirings 121a,..., 121j,... respectively, 

25 whereby the second flip-chip structure can be con- 
structed. 

[0047] Then, in the second flexible package, the 
second flexible substrate 111 on which the second 
metal wirings 121a,..., 121j,... are formed is folded 

30 downward such that the second Al wirings are posi- 
tioned on the outside. Similarly, in the first flexible pack- 
age, the first flexible substrate 1 12 on which the first Al 
wirings 122a,..., 122j,... are formed is folded downward 
such that the first Al wirings are positioned on the out- 

35 side. Then, the first Al wiring 122a and the second Al 
wiring 121a are bonded mutually by conductive material 
(conductive adhesive material) 60,..., the first Al wiring 
122] and the second Al wiring 121j are bonded mutually 
by the conductive material (conductive adhesive mate- 

40 rial) 60,.. Therefore, electrical conduction of the corre- 
sponding Al wirings between the first and second 
flexible packages can be attained, so that the multi-level 
lamination of the flexible packages can be achieved. 
[0048] Then, the first Al wiring 122a on the folded 

45 portion of the principal surface of the first flexible sub- 
strate 1 12 and the packaging wiring 22a on the packag- 
ing substrate 21 are joined to each other via the 
conductive material (conductive adhesive material) 
60,..., the first Al wiring 122j and the packaging wiring 

so 22j are joined to each other via the conductive material 

(conductive adhesive material) 60 whereby the MCM 

having the stacked structure according to the second 
embodiment of the present invention can be con- 
structed. 

55 

(THIRD EMBODIMENT) 

[0049] A flexible package according to a third 
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embodiment of the present invention, whose sectional 
structure is shown in Fig.1 1 A, is a flexible package hav- 
ing beam leads, or metallic bars serving as outer leads. 
In the flexible package structure shown in Fig.2B, a flex- 
ible substrate (polyimide substrate) 70 formed of the 
PET substrate 11 as the interposer. However, polyimide 
material is used in place of the PET substrate 1 1 as the 
interposer in the third embodiment. The modulus of 
elasticity of the polyimide material is higher than that of 
PET, and Young's modulus of polyimide material is 7.5 
Gpa. Beam leads 71 a,..., 71 j,..., or copper prismatic 

bars 71a 71j,... made from copper foils are formed 

on a principal surface of the polyimide substrate 70. A 
thickness of the polyimide substrate 70 is 40 jim, for 
example, and each thickness of the beam leads 71a, 
71 j/... is 15 jim, for example. 

[0050] One ends of the beam leads 71a,..., 71j,... 

are connected to the Au bumps 15a 15j f ... of the very 

thin silicon chip 14 having a thickness of 50 ^m, for 
example, by the flip-chip structure. The very thin silicon 

chip 14 has a plurality of bonding pads 91a 91j,...on 

perimeter of the surface of the thin silicon chip 14. Gold 
bumps (joint metals) 15a,. 15j,...are disposed 

between of pads 91a 91j,...and the beam leads 

71a 71 j t ... for connecting electrically the pads 

91a,...,91j,...and the beam leads 71a,..., 71j,... respec- 
tively. In order to protect the surface of the silicon chip 
14 containing these bump-joint portions, the silicon chip 
14 is sealed with the underfill 16 such as ACF, ACR, etc. 
A thickness of the bump-joint portions 15a,..., 15j,..\ is 
20 ^m, for example. Then, as shown in Fig. 11 A, the 
other ends of the beam leads 71a,..., 71j,... are con- 
nected to the packaging wirings 22a,..., 22j,... on the 
principal surface of the packaging substrate 21 by sol- 
ders 79a,..., 79j,... 

[0051] In the method of manufacturing the flexible 
package having such structure, a substrate in which a 
plurality of polyimide substrates 70 are periodically con- 
nected like a tape is employed instead of the tape-like 
PET 11 in respective steps explained with reference to 
Figs.8E to 8G according to the first embodiment. Also, 
since the copper prismatic bars (beam, leads) 71a,..., 
71 j,... made of copper foils are employed in place of the 

Al wirings i2a 12j,..., the steps in the method are 

slightly different. However, other steps are conducted by 
similar processes to mount the silicon chip 14 on the 
interposer. 

[0052] The polyimide tape has a laminated double- 
layered structure consisting of the polyimide substrates 

70 and the copper prismatic bars (beam leads) 71a 

71 j, — In the step of cutting off the continuous tape, on 

which the polyimide substrates 70, 70, 70 are 

arranged and connected periodically, into individual 

packages, as shown in Fig.1 1B, the beam leads 71a 

71j,... are cut off at regions, in which no polyimide sub- 
strate 70 exists, of the polyimide tape. According to this 
cut-off operation, the polyimide substrates 70, 70, 
70, are separated individually and the desecrate flex- 



ible packages are cut away from the continuous tape. At 
the same time, lead terminals 77a,..., 77j,... are formed 
by bending the cut-off end portions of the beam leads 
71a,..., 71j,... at a predetermined angle for assembling. 

5 Accordingly, the flexible package which is cut away into 
a piece has a shape to project the beam leads (outer- 
leads) 71a,..., 71 j,... from the interposer 70. The outer- 
leads terminals 77a,..., 77j,..; which-are the end por- 
tions of the outer-leads (beam leads) 71a,..., 71 j,... are 

10 bonded to the corresponding wirings 22a,. .. f 22j,... on 
the packaging substrate 21 via a soldering method such 
as the outer-lead bonding (OLB) method by using sol- 
ders 79a 79j,... respectively, whereby a thin module 

having the structure shown in Fig.1 1 A can be com- 

15 pleted. 

i 

[0053] In the flexible package according to the third 
embodiment of the present invention, since the polyim- 
ide, which has relatively higher thermal stability, is used 
as the interposer 70, high temperature packaging steps 

20 using solder reflow (heat treatment) process, as the 
premise, can be achieved by the similar package struc- 
ture to the first embodiment. In this case, if only the OLB 
method is applied, the PET substrate whose heat resist- 
ance temperature is less than 1 50 °C can also be used. 

25 [0054] In addition, an example of the stacked struc- 
ture in which the flexible package according to the third 
embodiment of the present invention is laminated in a 
multi-level fashion is shown in Fig. 12/ More particularly, 
four sheets of first to fourth flexible packages, each of 

30 which is similar to that shown in Fig.1 1 B, are laminated 
in the face up orientation along the vertical direction on 
the packaging substrate 21. That is, the first to fourth 
flexible packages are stacked over the packaging sub- 
strate 21, on which a plurality of packaging wiring 

35 22a,..., 22j,...are disposed. The packaging substrate 21 
is composed of PWB, FPC, etc., for example. The pack- 
aging wirings 22a 22j,... are delineated as a plurality 

of radial patterns each having a thickness of 18 pm to 
22 urn. 

40 [0055] The first flexible package has a first flexible 
substrate 704, a first flexible semiconductor chip 144 
attached over a principal surface of the first flexible sub- 
strate 704, first joint metals 154a,..., 154j,... for connect- 
ing electrically the first flexible semiconductor chip 144 

45 and the first flexible substrate 704, and a first sealing 
member 1 64 sandwiched between the first flexible sub- 
strate 704 and the first flexible semiconductor chip 144. 
This first flexible substrate 704 is formed of polyimide 
material. Then, the first flexible substrate 704 has a plu- 

50 rality of radially-extending beam leads (copper prismatic 

bars) 714a 714j,..., each has a thickness of 15 ^m on 

its principal surface as the first metal wirings. The first 
flexible semiconductor chip consists of the silicon chip 
144, and has a plurality .of first bonding pads (although 

55 not shown for avoiding cluttering up of the drawing), on 
the peripheral portion of the surface of the chip 144. The 
gold (Au) bumps 154a,..., 154j,... serving as the first 
joint metals connect electrically the plurality of first 
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metal wirings 714a,..., 714j,... and the plurality of first 
bonding pads disposed on the first flexible semiconduc- 
tor chip 144 respectively. That is, the first gold (Au) 
bump 154a is arranged on the first beam lead (copper 

prismatic bars) 714a the first gold (Au) bump 154j is 

arranged on the first beam lead (copper prismatic bars) 
714j ? ... The first beam lead (copper prismatic bars) 
714a andjthe corresponding bonding pad on the first sil- 
icon chip 144 are connected via the first gold (Au) bump 
154a,..., the first beam lead (copper prismatic bars) 714j 
and the corresponding bonding pad on the first silicon 
chip 144 are connected via the first gold (Au) bump 
154j,..., whereby the first flip-chip structure can be con- 
structed. Then, in order to protect a surface of the first 
silicon chip 144 containing these bump-joint portions, a 
surface of the first silicon chip 144 is sealed with a first 
sealing member (underfill) 1 64. 

[0056] Similarly, the second flexible package has a 
second flexible substrate (polyimide substrate) 703, a 
second flexible semiconductor chip 143 attached over a 
principal surface of the second flexible substrate 703, 
second joint metals 153a,..., 153j,... for connecting elec- 
trically the second flexible semiconductor chip 143 and 
the second flexible substrate 703, and a second sealing 
member 163 sandwiched between the second flexible 
substrate 703 and the second flexible semiconductor 
chip 143. Then, a plurality of second metal wirings 
713a,..., 71 3j,... are formed on the principal surface of 
the second flexible substrate 703. The plurality of sec- 
ond beam leads (copper prismatic bars) 713a,..., 
713j,... are connected electrically to a plurality of first 
beam leads (copper prismatic bars) 714a,... f 71 4j,... of 
< the first flexible package respectively. The second flexi- 
ble semiconductor chip is formed of the silicon chip 143 
and has a plurality of second bonding pads 91a,...,91j,... 
on its surface. The gold (Au) bumps 153a,..., 153j,... 
serving as the second joint metals connect electrically 
the plurality of second bonding pads 91 a,... ,91 j,... on the 
second flexible semiconductor chip 143 and the plurality 
of second beam leads (copper prismatic bars) 713a,..., 
71 3j,... respectively, whereby the first flip-chip structure 
can be constructed. 

[0057] Similarly, the third flexible package has a 
third flexible substrate (polyimide substrate) 702 and a 
third semiconductor chip 142 disposed on the third poly- 
imide substrate 702. On a principal surface of third poly- 
imide substrate 702, third beam leads 712a,..., 712j,... 
are arranged. Then, the third gold (Au) bump 152a is 
arranged on the third beam lead 712a which is formed 
on the principal surface of the third flexible substrate 
(polyimide substrate) 702,..., the third gold (Au) bump 
1 52j is arranged on the third beam lead 712j,... The third 
beam lead 712a and the corresponding bonding pad on 
the third silicon chip 1 42 are connected via the third gold 
(Au) bump 152a,..., the third beam lead 71 2j and the 
corresponding bonding pad on the third silicon chip 142 

are connected via the third gold (Au) bump 152j 

whereby the third flip-chip structure can be constructed. 
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Then, in order to protect a surface of the third silicon 
chip 142 containing these bump-joint portions, a surface 
of the third silicon chip 1 42 is sealed with a third underfill 
162. 

5 [0058] The fourth flexible package has a fourth flex- 
ible substrate 701 and a fourth silicon chip 141 disposed 
on the fourth flexible substrate 701. The fourth flexible 
substrate 701 is made of polyimide material. A plurality 
of radially-extending beam leads 121a 121j f ... are 

10 arranged on a principal surface of the fourth flexible 
substrate 701. Then, the fourth gold (Au) bump 151a is 
arranged on the fourth beam lead 71 1a which is formed 
on the principal surface of the fourth flexible substrate 
701,..., the fourth gold (Au) bump 151 j is arranged on 

15 the fourth beam lead 71 1 j,... Then, the fourth beam lead 
711a and the corresponding bonding pad on the fourth 
silicon chip 141 are connected via the fourth gold (Au) 
bump 151 a,..., the fourth beam lead 711] and the corre- 
sponding bonding pad on the fourth silicon chip 141 are 

20 connected via the fourth gold (Au) bump 151j t .... Then, 
the fourth flip-chip structure is constructed. Further, in 
order to protect a surface of the fourth silicon chip 141 
containing these bump-joint portions, a surface of the 
fourth silicon chip 141 is sealed with a fourth underfill 

25 161. 

[0059] Next, the beam leads (outer leads) 711 a, 
712a, 713a, and 714a of the first, second, third, and 
fourth flexible packages are respectively led to be 
brought together to the packaging wiring 22a and then 

30 secured by the solder 79j. Similarly, the beam leads 
(outer leads) 71 1j, 712], 713j, and 714j of the first, sec- 
ond, third, and fourth flexible packages are led to be 
brought together to the packaging wiring 22j and then 
secured by the solder 79j. As stated above, the MCM 

35 having quadruple-layered stacked structure is assem- 
bled. 

(FOURTH EMBODIMENT) 

40 [0060] Fig. 13 is a sectional view showing structures 
of a flexible package and a module employing this pack- 
age, according to a fourth embodiment of the present 
invention. The flexible package according to the fourth 
embodiment of the present invention has a curved flexi- 

45 ble substrate 11 having a predetermined curvature, 
made of PET material. On a principal surface ofthe 
* curved flexible substrate 11, a plurality of radially- 
extending aluminum (Al) wirings 12a,..., 12j,...are 
arranged. The flexible package according to the fourth 

so embodiment is, further constructed by a curved silicon 
chip 14 disposed in a face down orientation, on the 
curved flexible substrate 1 1 Then, the gold (Au) bump 
15a is arranged on the AI wiring 12a which is formed on 
the principal surface of the curved flexible substrate 

55 (PET substrate) 11,..., the gold (Au) bump 15j is 
arranged on the Al wiring 12j,... Then, the Al wirings 
12a, 12j and the corresponding bonding pads 
91a,...,91j,... on the silicon chip 14 are connected via 
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the gold (Au) bumps 15a, 15j respectively to thus con- invention, the silicon chips 14 are mounted on the prin- 
struct the flip chip structure. Each thickness of the gold cipal surfaces of the flexible substrates 1 1 , 1 1 1 , 1 1 2, 70, 
(Au) bumps 15a,..., 15j,... is 20 jam, for example. In order 701 to 704 as the flip-chip structure respectively. How- 
to protect a surface of the silicon chip 1 4 containing the ever, there is no necessity that the silicon chip should be 
bump-joint portions, a surface of the silicon chip 14 is 5 always mounted on the principal surface of the flexible 
sealed with an underfill 16. As the underfill 16, the seal- substrate as the flip-chip configuration, in which the silir 
ing adhesive such as the ACF or the ACR, having a low . con chip is attached in the face down orientation. 
CTE (a,=0.1 to 15 ppm/°C) is employed. [00 66] Fig.14A is a sectional view showing a struc- 
[0061] A plurality of radially- extending packaging ture of a flexible, package according to other embodi- 
wirings 22a,..., 22j,... are arranged on the principal sur- w ment of the present invention. The flexible package 
face of the curved packaging substrate 21 such as according to other embodiment has is a flexible sub- 
PWC, FPC, etc. Then, the Al wiring 12a on the principal strate 11 and a silicon chip 14 on the flexible substrate 
surface of the curved flexible substrate 1 1 and the pack- 1 1 , on the principal surface of which a plurality of rav- 
aging wiring 22a on the principal surface of the curved ally-extending aluminum (Al) wirings 12a 12j,... are 

packaging substrate 21 are bonded mutually via the 15 arranged. However, the silicon chip 14 is attached to the 

conductive adhesive layer,..., the Al wiring 12] and the flexible substrate 1 1 in a face up orientation, directing its 

packaging wiring 22j are bonded mutually via the con- surface on which the semiconductor integrated circuits 

ductive adhesive layer whereby the module accord- are formed upward The metal wirings and the bonding 

ing to the fourth embodiment of the present invention pads 91a,..., 91j,;.., 91k,.-. 91m,... are formed on the 

can be constructed. 20 surface of the silicon chip 14. Also, via holes are pro- 

[0062] The module according to the fourth embodi- vided through the silicon chip 14 and then buried joint 

ment of the present invention shown in Fig.13 can be metals 192a 192j are embedded in the via holes. 

interpreted as an example in which the flexible package As the buried joint metals 192a,..., 192j,... f a refractory 

according to the first embodiment, for example, is pack- metal such as tungsten (W), titanium (Ti), molybdenum 

aged on the curved packaging substrate 21. In other 25 (Mo), or the like, or silicide (WSi 2 , TtSi 2 , MoSi 2 ) of these 

words, since thicknesses of respective constitute mate- metals, etc. may be employed, The via holes can be 

rials of the package including the silicon chip 14 are opened simply since the silicon chip 1 4 is very thin. For 

extremely reduced, the rigidity of the package becomes example, if trenches whose depth is set larger than the 

low and thus the substrate can be installed onto the final thickness of the silicon chip 14 are formed by the 

curved surface by positively bending the package. 30 RIE method, etc. prior to the grinding step shown in 

[0063] For instance, the module, in which the silicon Figs.8A to 8C, the via holes can be opened automati 

chip 14 configured as an integrated pressure sensor, an cally at the end of the grinding step. Meanwhile, like the 

integrated temperature sensor, etc. is installed, can be first embodiment, the gold (Au) bumps 15a f ..., 15j,... are 

■% attached onto a curved surface 81 of a pipe or a motor. also arranged on the Al wirings 12a,..., 12j,... which are 

Otherwise, the module, in which the silicon chip 1 4 con- 35 formed on the principal surface of the flexible substrate 

figured as a fingerprint identification integrated circuit is 1 1as shown in Fig.14A. In this manner, the gold (Au) 

mounted, can be attached onto a penholder portion of a bumps 15a,... , 15j,... and the bonding pads 91a,..., 

ball-point pen, etc. 91j,... formed on the front surface of the silicon chip 14 

[0064] The module according to the fourth embodi- are connected mutually via the buried joint metals 

ment of the present invention, since the overall thick- 40 192a,..., 192j,... respectively. 

pess is extremely reduced and thus the rigidity is made [0067] In Fig.14A, the buried joint metals 192a,..., 

small, the destruction or failure of the module is not 192j,... and the gold (Au) bumps 15a 15j,... can func- 

brought about by bending the IC card, etc. Then we can tion as the joint metals of the present invention. Then, in 
understand that the module according to the fourth order to protect the surface of the silicon chip 14 con- 
embodiment can be applied to the IC card, etc., and the 45 taining the bump-joint portions, the surface of the silicon 
module is very effective in practical use. In other words, chip 14 is sealed with the underfill 16. Since the silicon 
the curved packaging substrate 21 shown in Fig.13 chip 14 is thin, the solder may be used as the buried 

should be interpreted such that it can exist as not only joint metals 192a 192j,... to bury fully the inside of 

the stationary shape but also one of instantaneous the via holes. 

sha P e S- ' so [0068] As shown in Fig.14B, in a flexible package 

according to still other embodiment of the present 

(OTHER EMBODIMENTS) invention, the silicon chip 14 is arranged on the flexible 

substrate 1 1 in the face up orientation, like Fig.1 4A. The 

[0065] Various modifications will becomes possible metal wirings and the bonding pads 91a,..., 91j 

for those skilled in the art after receiving the teachings 55 91k,..., 91m,... are formed on the surface of the silicon 

of the present disclosure without departing from the chip 14. Then, the Al wirings 12a,..., 12j,... on the princi- 

scope thereof. For example, in the flexible packages pal surface of the flexible substrate 11 and the bonding 

according the first to fourth embodiments of the present pads 91a 91 j,... are connected by the solders 95 
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95j,... on the side surface of the silicon chip 14 respec- 
tively. In Fig.14B, the solders 95,..., 95j,... can function 
as the joint metals of the present invention. Since the 
silicon chip 14 is extremely thin, such connection utiliz- 
ing the solder may be used. 

[0069] Also, in the flexible packages according to 
the first to fourth embodiments of the present invention, 
the silicorVchips 14, 141 to 144 are explained by way of 
examples. However, it is of course that other semicon- 
ductor substrates such as a gallium arsenide (GaAs) 
chip, etc. may also be employed. In this way, it is a mat- 
ter of course that various embodiments which are not 
set forth in this disclosure may be contained in the 
present invention. Accordingly, the technical scope of 
the present invention should be defined only by follow- 
ing claims in view of the above explanations. 

Claims 

1 . A flexible package comprising : 

a flexible substrate having a plurality of metal 
wirings disposed on a principal surface of the 
flexible substrate ; 

a flexible semiconductor chip attached over the 
flexible substrate, the chip having a plurality of 
bonding pads thereon; 

joint metals for connecting electrically the plu- 
rality of bonding pads and the plurality of metal 
wirings respectively; and 
a sealing member sandwiched between the 
flexible substrate and the flexible semiconduc- 
tor chip. 

2. The flexible package of claim 1, wherein thickness 
of the flexible semiconductor chip is 10 ^m to 150 
fiim. 

3. The flexible package of claim 2, wherein thickness 
of the flexible semiconductor chip is 30 to 100 
urn, 

4. The flexible package of claim 2, wherein the flexible 
semiconductor chip is a silicon chip. 

5. The flexible package of claim 1 , wherein the flexible 
semiconductor chip is attached over the flexible 
substrate in a flip-chip configuration. 

6. The flexible package of claim 1 , wherein the flexible 
substrate is an organic substrate. 

7. The flexible package of claim 1, wherein thickness 
of the flexible substrate is 1 0 to 50 jam. 

8. The flexible package of claim 1 , wherein the sealing 
member is material with a linear coefficient of ther- 
mal expansion a =0.01 to 30 ppm/°C. 
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9. The flexible package of claim 1 , wherein the sealing 
member is material with a linear coefficient of ther-'* 
mal expansion ot=0.1 to 15 ppm/°C. 

5 10. The flexible package of claim 1, wherein the metal 
wirings on the flexible substrate are arranged as 
beam leads. 

11. The flexible package of claim 1, wherein joint met- 
10 als for connecting the metal wirings on the flexible 

substrate are bumps made of highly conductive 
material. 

12. A flexible module comprising: 

15 

a packaging substrate having a plurality of 
packaging wirings on a principal surface of the 
substrate; 

a flexible substrate having a plurality of metal 
20 wirings connected electrically to the plurality of 

packaging wirings respectively, on a principal 
surface; 

a flexible semiconductor chip having a plurality 
of bonding pads, attached over the principal 

25 surface of the flexible substrate; 

joint metals for connecting electrically the plu- 
rality of bonding pads and the plurality of metal 
wirings respectively; and 
a sealing member sandwiched between the 

30 flexible substrate and the flexible semiconduc- 

tor chip. 

13. The flexible module of claim 12, wherein thickness 
of the flexible semiconductor chip is 10 to 150 

35 jim. 

14. The flexible module of claim 1 2, wherein the flexible 
semiconductor chip is a silicon chip. 

40 1 5. The flexible module of claim 1 2, wherein the flexible 
semiconductor chip is attached over the flexible 
substrate in a flip-chip configuration. 

1 6. The flexible module of claim 1 2, wherein the flexible 
45 substrate is an organic substrate. 

17. The flexible module of claim 12, wherein thickness 
of the flexible substrate is 1 0 to 50 urn. . 

so 18. The flexible module of claim 12, wherein the sealing 
member is material with a linear coefficient of ther- 
mal expansion a =0.01 to 30 ppm/°C. * 

19. The flexible module of claim 12, wherein the metal 
55 wirings on the flexible substrate are arranged as 

beam leads. 

20. The flexible module of claim 12, wherein the pack- 
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aging substrate is a curved packaging substrate. 

21 . A multi chip module comprising: 

a packaging substrate having a plurality of 5 
packaging wirings on a principal surface of the 
substrate; 

j a first flexible substrate having a plurality of first 
metal wirings connected electrically to the plu- 
rality of packaging wirings respectively, on a 10 
principal surface; 

a first flexible semiconductor chip having a plu- 
rality of first bonding pads, attached over the 
principal surface of the first flexible substrate; 
first joint metals for connecting electrically the 15 
plurality of first bonding pads and the plurality 
of first metal wirings respectively; 
a first sealing member sandwiched between 
the first flexible substrate and_the first flexible 
semiconductor chip; 20 
a second flexible substrate having a plurality of 
second metal, wirings connected electrically to 
the plurality of first metal wirings respectively, 
on a principal surface; 

a second flexible semiconductor chip having a 25 
plurality of second bonding pads, attached over 
the principal surface, of the second flexible sub- 
strate; 

second joint metals for connecting electrically 
the plurality of second bonding pads arid the 30 
plurality of second metal wirings respectively; 
and 

a second sealing member sandwiched 
between the second flexible substrate arid the 
second flexible semiconductor chip. 35 

22. The multi chip module of claim 21 , wherein the first 
flexible substrate is folded at its peripheral portion 
such that the first metal wirings are positioned on 

an outside, and the first metal wirings on a folded 40 
portion of the first flexible substrate are connected 
to the packaging wirings via conductive materials. 

23. The multi chip module of claim 21 , wherein th£ sec- 
ond flexible substrate is folded at its peripheral por- 45 
tion such that the second metal wiring^ 'are 
positioned on an outside, and the second metal wir- 
ings oh a folded portion of the second flexible sub- 
strate are connected to the first metal wirings via" 
the conductive materials.. 50 



rality of first metal wirings and the plurality of sec- 
ond metal wirings are electrically connected 
mutually as pairs of corresponding wirings. 

26. A method for manufacturing a module, comprising 
the steps of : 

(a) reducing thickness of a semiconductor chip 
into 10 um to 150 um; 

(b) delineating a plurality of packaging wirings 
on a principal surface of a packaging substrate; 

(c) delineating a plurality of metal wirings on a 
principal surface of a flexible substrate; 

(d) mounting the semiconductor chip over the 
principal surface of the flexible substrate; and 

(e) aligning the plurality of packaging wirings 
and the plurality of metal wirings, and connect- 
. ing electrically them mutually. 

27. The method of claim 26, wherein the step of mount- 
ing the semiconductor chip deposits selectively a 
sealing member in a chip mounting region on a 
principal surface of the flexible substrate, and 
attaches trie semiconductor chip at positions of the 
sealing member. 

28. The method of claim 26, wherein the step of con- 
necting electrically the packaging wirings and the 
metal wirings mutually, further comprises the steps 
of: 

(a) providing a first adhesive layer onto 
exposed portions of the flexible substrate 
between the plurality of metal wirings; 

(b) providing a second adhesive layer onto 
exposed portions of the packaging substrate 
between the plurality of packaging wirings; and 

(c) aligning the metal wirings and the packag- 
ing wirings, and applying a predetermined 
pressure between the flexible substrate and the 
packaging substrate to bond the first adhesive 
layer and the second adhesive layer. 



24. The multi chip module of claim 21 , wherein the plu- 
rality of first metal wirings are formed of a plurality 
of first beam leads, and the plurality of second 
metal wirings are formed of a plurality of second 
beam leads. 



55 



25. The multi chip module of claim 24, wherein the plu- 
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